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ABSTRACT 


Software  techniques  used  in  an  automated  real-time  fuze  testing 
system  are  discussed.  Most  of  the  techniques  are  Independent  of  the 
electrical  circuit  being  tested  and  the  computer  controlling  the 
system.  Although  the  software  described  was  Initially  designed  for 
testing  the  XMS96  proximity  fuze,  only  the  actual  fuze  testing  programs 
need  be  specifically  designed  for  a  given  testing  system.  The  programs 
comprising  SOSOFT  are  functionally  organized  into  eight  major  sub¬ 
systems — real-time  priority  scheduling  system,  interrupt  servicing 
system,  input/output  control  system,  executive  utility  system,  basic 
testing  system,  data-display  system,  conversational  control  system, 
and  reliability  monitoring  system. 
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INTRODUCTION 


The  Software  System  Oriented  to  Fuze  Testing  (SOSOFT)  is  a  col¬ 
lection  of  computer  programs  designed  to  provide  a  real-time  capability 
for  in-line  and  final  testing  of  fuzes  built  on  an  automated  assembly 
line.  The  system  considered  here  was  prepared  specifically  for  the 
XMS96  proximity  fuze,  employing  a  Varlan  Data  620/i  digital  computer. 

The  programs  comprising  SOSOFT  are  functionally  organized  into 
the  eight  major  subsystems  listed  below. 

(1)  Real-Time  Scheduling  System--monitors  time  sharing  of 
the  computer's  central  processor  on  the  basis  of  a  user-defined 
priority  scheme. 

(2)  Interrupt  Servicing  System--services  hardware  Interrupts 
on  a  priority  basis. 

(3)  Input  Output  Control  System--monitors  all  input  and 
output  operations  involving  computer  peripherals. 

(4)  Executive  Utility  System--provldes  various  services 
required  by  more  than  one  program,  such  as  input/output  operations 
involving  non-computer  hardware. 

(5)  Basic  Testing  Sy stem--conducts  the  individual  fuze  tests, 
processes  the  results,  and  makes  decisions  as  to  the  Immediate  and 
long-term  success  of  the  assembly  operation. 

(6)  Data-Dlsplay  System — provides  formatted  output  of 
statistical  data  and  test  results, 

(7)  Conversational  Control  System — monitors  system  commu¬ 
nication  with  the  operator  on  a  real-time  basis,  allowing  him  to 
display  and  change  many  system  parameters. 

(8)  Reliability  Monitoring  System--monitors  conditions 
capable  of  decreasing  system  reliability  and  takes  appropriate  action 
when  such  conditions  occur. 

Except  for  subsystems  S,  6,  and  8,  SOSOFT  is  a  generally  appli¬ 
cable  real-time  data  acquisition  system.  The  following  discussion 
keeps  SOSOFT  divorced  from  the  Varian  620/1  and  the  XM596  as  much  as 
possible.  The  techniques  employed  could  easily  be  reproduced  for  a 
different  digital  computer;  systems  5,  6,  and  8  could  easily  be 
adapted  to  test  a  different  fuze  or  a  different  electrical  circuit. 

In  addition,  most  of  the  hardware  designed  for  the  XM596  automatic 
fuze  testing  system  could  easily  be  adapted  to  another  computer  and 
testing  of  a  different  circuit. 
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Specific  nomenclature  used  in  this  report  is  defined  in  appendices 
A  through  D--computer  science  terminology  (p.  43),  SOSOFT  termi¬ 
nology  <p.  47,  abbreviations  (p.  49),  and  SOSOFT  program  names  (p.  51). 


2.  FUNCTIONAL  DESCRIPTION  OF  SUBSYSTEMS 


2.1  Real  Time  Scheduling  System  (RETI) 


RETI  serves  as  a  programmed  "answering  service"  and  "traffic 
controller"  for  SOSOFT,  servicing  all  calls  made  by  other  system 
programs  which  have  requested  control  or  release  of  control  of  the 
computer's  central  processing  unit  (CRI),  and  controlling  the  order 
in  which  these  requests  are  honored.  Hits  order  is  dictated  by  a 
programmed-priority  scheme  designed  by  the  system's  user,  whereby 
each  of  his  programs  is  separately  assigned  a  software  priority,  and 
control  is  allocated  among  these  programs  by  applying  this  simple  rule: 
the  program  of  highest  priority  desiring  control  is  given  control  of 
the  CPU  until  (1)  it  releases  control,  or  (2)  it  is  no  longor  of 
highest  priority.  Programs  of  equal  priority  are  given  control  on  a 
first-come  first-served  basis. 

The  capability  of  scheduling  programs  subject  to  conditions 
existing  apart  from  the  computer  (e.g.,  assembly  line)  is  provided  by 
a  system  of  hardware  priority  interrupts.  These  interrupts  provide 
the  system  with  a  real-time  clock  and  a  means  for  externally  cueing 
programs  into  activity.  These  interrupts  are  serviced  by  the  interrupt 
servicing  system,  but  cognizance  of  their  existence  is  essential  in 
understanding  RETI  functioning. 

The  RETI  can  be  separated  into  three  main  parts:  (1)  the 
active  list,  (2)  the  waiting  list,  and  (3)  the  program  information 
block. 


2.1.1  Active  List  <AL) 

The  AL  is  a  list  of  programs  desiring  control  of  the 
Cm,  ordered  according  to  program  priority.  The  program  of  highest 
priority  is  first  on  the  list,  thus,  referred  to  as  head  of  the  list. 

2.1.2  Waiting  List  <WL) 

The  WL  is  a  list  of  programs  desiring  control  of  the 
CPU  after  a  specified  delay  time.  The  list  is  ordered  on  a  first- 
come  basis.  The  first  and  last  programs  on  the  list  are  of  special 
importance  and  are  referred  to  as  the  head  and  the  end  of  the  list, 
respectively . 


After  the  specified  delay  has  elapsed  for  a  program, 
it  is  removed  from  the  WL  and  placed  on  the  AL  commensurate  with  its 
priority. 
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2.1.3  Information  Block  (IB) 

Each  user-supplied  program  contains  an  ordered  set  of 
data  required  by  RETI.  This  block  of  data  Is  called  Its  Information 
block  (IB)  and  contains  the  following  : 

(1)  Program  Number,  a  non-negative  integer  less  than 
32,768  assigned  by  the  user  as  the  program’s  reference  number.  Each 
program  is  assigned  a  unique  program  number. 

(2)  Program  Priority,  a  non-negative  integer  loss  than 
32,768  assigned  by  the  user  as  the  program's  software  priority,  with 
a  priority  of  0  being  lowest  and  32,767  being  highest. 

(3)  Initial  Entry  Point,  the  address  where  execution  oi  the 
program  initially  begins.  This  entry  point  remains  constant. 

(4)  Current  Entry  Point,  the  address  where  execution  of  the 
program  will  continue  the  next  time  the  program  is  given  control. 

(5)  Next  Ai.  Pointer,  containing  the  first  word  address 
(FWA)  of  the  IB  of  the  next  program  on  the  AL--next,  meaning  of  less 
than  or  equal  priority.  A  value  of  -1  indicates  that  this  program 
is  last  on  the  AL. 

(6)  Previous  AL  Pointer,  containing  the  FWA  of  the  IB  of 
the  previous  program  on  the  AL--previous,  meaning  of  greater  than  or 
equal  priority.  A  value  of  -1  indicates  that  this  program  is  first  on 
the  AL. 


(7)  AL  Entry  Time,  the  time  at  which  the  program  was 
added  to  the  AL. 

(8)  Next  WL  Pointer,  containing  the  FWA  of  the  IB  of  the 
next  program  on  the  WL.  A  value  of  -1  indicates  that  this  program 
is  last  on  the  WL. 

(9)  Previous  WL  Pointer,  containing  the  FWA  of  the  IB  of 
the  previous  program  on  the  WL.  A  value  of  -1  indicates  t*-  \t  this 
program  is  first  on  the  WL. 

(10)  Recall  Time,  the  time  at  which  the  program  is  to  be 
removed  from  the  WL  and  returned  to  the  AL. 

(11)  Stack,  a  contiguous  group  of  memory  locations  where 
the  contents  of  the  computer's  hardware  registers  and  overflow  (OF) 
indicator  are  saved  upon  interruption  of  the  program's  execution  so 
that  when  execution  continues  at  a  later  time,  the  hardware  state  of 
the  CPU  can  be  restored.  This  area  is  also  called  the  program's  STAK. 
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Hi*  location  of  each  program's  IB  la  contained  In  the 
Information  block  entry  table  (1BBT).  IBET  la  ordered  by  program  number, 
ao  that  entry  1  la  the  first  wo-d  address  of  program  l's  IB. 

RET I  haa  three  pointers - -HAL,  HVL,  and  EVL-  that 
contain  the  EVA's  of  the  IB' a  of  the  programs  occupying  the  head  of 
the  AL,  the  head  of  the  VL,  and  the  end  of  the  VL.  A  value  of  -1 
for  any  of  these  pointers  Indicates  that  the  corresponding  list  la  empty. 

2.1.4  Se<juence  of  Execution 

RET I  provides  the  following  three  basic  scheduler 
entry  points  that  permit  the  system  user  to  control  program  execution: 

(1)  $EX IT*- -term Ina tea  calling  program's  execution, 

(I)  |AAL-  adds  a  specified  program  to  the  AL,  and 

(3)  $ALVL-- transfers  calling  program  from  the  AL  to 
the  VL  with  a  specified  delay. 

These  routines  require  four  basic  operations: 

(1)  Add  a  program  to  the  AL  iflg.l). 

(2)  Remove  a  program  from  the  AL  (#lg.  2). 

(3)  Add  a  prog raj  to  the  VL  (fig.  3). 

(4)  Remove  a  program  from  the  VL  (fig.  4). 

Detailed  flow  charts  showing  how  each  of  these  oper¬ 
ations  is  performed  are  shown  in  figures  1  through  4. 

The  normal  sequence  of  execution  for  a  uaer's  program 
la  as  follows.  The  program  is  given  ccmitrol  at  Its  initial  entry  point. 
Bvery  millisecond  its  control  is  temporarily  Interrupted  by  the  hard¬ 
ware  clock.  During  this  interruption,  the  hardware  atate  of  the  CRJ  la 
saved  in  the  program*  s  STAR,  Its  current  entry  point  la  set  to  the  point 
of  interruption,  the  software  system  clock  is  Incremented,  and  the  VL  la 
scanned,  at  periodic  clock  interrupts ,  for  any  programs  whose  requested 
delay  has  elapsed.  If  any  such  program  la  hand.  It  la  removed  from  the  VL  and 
placed  on  the  AL,  comsmnsurate  with  ita  priority.  If  this  program's 

(continued  on  p.  17) 


•To  distinguish  between  BOSOPT  executive  programs  and  user-written 
programs,  the  names  of  executive  programs  are  preceded  by  a  l 
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Tuo  following  four  dlifrui  llluatrata  tha  of  foot  of  iddlnf 
profrtu  to  th«  Actlva  Llkt. 

Aiium  that  tha  AL  appoara  aa  foil  ova: 


/ 


mcvtous 


PROO.  K 


NEXT 


* 


PROO.  L 


A 


patvious 


NEXT 


V 


PROO.  Z 

C-D 

NEXT 


If  procna  L  la  tha  flrat  profru  oa  tha  AT.  whoso  priority  la 
laaa  than  that  of  profi-ma  M,  profraa  N'a  addition  to  tha  AL  would 
changa  tho  AL  aa  follova: 


II 


If  profru  M's  priority  Is  issa  than  or  equal  to  the  priorities 
of  all  profraas  on  the  AL,  Its  addition  to  the  AL  would  chance  the 
AL  as  follows: 


If  procraa  M'a  priority  la 
addition  to  the  AL  would  chance 


Creator  than  HAL's  priority, 
the  AL  ti  follows: 


its 
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Figure  1.  Addition  of  program  M  to  active  Hat. 
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Figure  4.  Removal  of  program  M  from  waiting  Hat 


priority  Is  less  than  or  equal  to  that  of  the  Interrupted  program, 
control  Is  returned  to  the  Interrupted  program  at  the  exact  point  of 
Interruption  with  the  registers  and  OF  indicator  reset  as  they  were. 

When  the  program  has  finished  Its  execution,  it 
executes  an  EXIT  call  to  the  system  and  Is  removed  from  the  AL.  Then 
control  Is  given  to  the  next  program  on  the  AL. 

However,  If  the  priority  of  the  program  being  added 
to  the  AL  Is  greater  than  that  of  the  temporarily  Interrupted  program, 
the  new  program  will  take  control  until  It  Is  finished,  or  until  It 
loses  control  to  another  program  of  still  higher  priority. 

If  a  program  wishes  to  keep  control  unconditionally, 
It  can  increase  its  own  priority,  so  that  no  other  program  in  the 
system  has  a  greater  priority.  Then  as  programs  are  added  to  the  AL, 
they  will  necessarily  be  added  after  the  program  of  highest  priority. 
After  the  time  for  unconditional  control  has  elapsed,  the  program  can 
again  lower  its  priority  to  the  original  value,  allowing  other 
programs  to  get  control . 

The  exact  manner  In  which  the  clock  and  other  hard¬ 
ware  Interrupts  are  serviced  Is  discussed  In  detail  In  section  2.2. 


2 . 2  Interrupt  Servicing  System  ( I8SY) 

ISSY  Is  designed  to  service  all  hardware  interrupts  being 
employed  by  SOS  OFT.  The  Varlan  620/1  Is  equipped  with  a  set  of  eight 
priority  Interrupts  In  a  single  module  called  the  PIM,  and  an  Inde¬ 
pendent  power  fall/restart  interrupt.  S060FT  employs  three  of  these 
nine  Interrupts  for  the  following  function  In  order  of  priority: 

(1)  power  fall/restart,  (2)  real  time  clock,  and  (3)  test  station 
scanner. 


2.2.1  Power  Fall-8afe  Interrupt  Processor  (fPFL) 

$PFL  is  designed  to  react  to  power  failures  In  a  manner 
that  minimises  the  amount  of  information  lost  or  distorted.  Immedi¬ 
ately  upon  receiving  a  power-fall  interrupt,  fPFL  saves  the  present 
hardware  status  and  halts  the  computer.  When  a  continue  signal  Is 
received,  the  system  programs  are  adjusted  so  that  only  the  information 
concerning  the  fuses  being  tested  at  the  time  of  the  power  failure 
Is  lost,  the  hardware  status  is  restored,  and  testing  continues  normally 
with  the  next  fuze  at  each  test  position. 
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2.2.2  Real-Time  Clock  Interrupt  Processor  ($CIP) 

^CIP  processes  clock  Interrupts  which  occur  once  every 
millisecond.  Time  is  kept  by  Incrementing  a  two-word  counter  in  the 
computer's  memory  at  each  Interrupt.  At  a  specified  time  Interval 
(specified  by  a  system  parameter) ,  $CIP  also  searches  the  waiting  list 
(WL)  for  any  programs  whose  specified  delay  time  has  elapsed.  If  any 
such  program  is  found,  it  is  removed  from  the  WL  and  added  to  the 
active  list  (AL),  commensurate  with  its  priority. 


2.2.3  Test  Station  Scanned  Interrupt  Processor  ($S1P) 

The  test  station  scanner  periodically  examines  each 
test  point  on  the  assembly  line  to  determine  whether  or  not  a  new  fuze 
has  been  automatically  positioned  there.  If  one  has,  the  scanner 
stops,  containing  a  count  equivalent  to  the  test  point  address  and 
produces  a  priority  Interrupt.  ^SIP  then  inputs  this  count,  converts 
it  into  the  program  number  of  the  test  program  associated  with  that 
test  point,  and  adds  the  associated  program  to  the  AL.  In  this  way, 
test  programs  are  externally  queued  onto  the  AL  by  way  of  the  scanned 
interrupts. 


When  an  Interrupt  is  received,  the  associated  processing 
program  saves  the  status  of  the  CPU  and  the  address  of  the  next  in¬ 
struction  to  be  executed  at  the  instant  of  the  interrupt.  Upon  completion 
of  processing,  each  routine  restores  the  CPU  status  and  returns  control 
to  the  proper  point  in  the  interrupted  program.  Effectively,  the 
Interrupted  program  has  no  indication  that  it  actually  temporarily  lost 
control  of  the  computer. 

Since  most  functions  of  system  programs  (those  not 
assigned  a  program  number  and  not  containing  an  IB)  are  of  high 
priority,  these  programs  always  disable  the  priority  Interrupts  upon 
start  of  execution  and  reenable  them  upon  completion  of  execution. 

For  this  reason,  system  programs  have  been  designed  to  execute  as 
rapidly  as  possible,  to  minimize  the  nonlnterruptlble  execution  time 
of  the  system.  As  presently  designed,  all  interrupts  are  acknowledged 
in  less  than  1  msec. 


2.3  Input/Output  Control  System  (IOCS) 

IOCS  is  designed  to  provide  SOSOFT  users  with  a  flexible, 
efficient  means  for  accomplishing  various  Input/output  (I/O)  tasks 
involving  the  620/1  computer  peripheral  equipment.  This  equipment 
consists  of  an  ASR-3S  teletype  (TTY),  a  high-speed  paper  tape  reader 
(FTR) ,  a  high-speed  paper  tape  punch  (PTP),  and  a  line  printer  (LPR) . 
For  each  type  of  I/O  operation  to  be  performed,  IOCS  provides  a 
separate  I/O  driver.  The  available  drivers  are: 

No.  0.  TTY  Character  Input  Driver  (^ITI) 

18 


No. 

1. 

TTY 

Character 

Output 

Driver 

($TTO> 

No. 

2. 

PTR 

Character 

Input 

Driver 

<$PTI> 

No. 

3. 

PTP 

Character  Output 

Driver 

<$PTO) 

No. 

4. 

LPR 

Character 

Output 

Driver 

<$LPO> 

No. 

5. 

Binary  Input  Driver 

<$BIN> 

No. 

6. 

Binary  Output 

Driver 

($BOT> 

Character  mode  transfers  involve  8-bit  words  in  ASC  II  code. 
Binary-mode  transfers  involve  8-bit  words  in  binary  form. 

Drivers  are  designed  to  perform  complete  I/O  transfers  of  any 
length  for  the  user.  This  frees  the  user's  programs  from  the  worry 
of  controlling  I/O  devices  and  saves  considerable  memory  by  allowing 
many  different  programs  to  share  the  same  drivers.  The  user  needs 
only  to  specify  the  type  of  transfer  to  be  performed  and  provide 
either  the  data  to  be  output  or  a  reserve  buffer  area  into  which 
data  will  be  input.  The  driver  will  then  independently  perform  the 
operation  and  notify  the  user  when  it  has  been  completed.  The  user 
may  elect  to  wait  for  completion,  or  to  continue  to  run  during  the 
actual  transfer. 

IOCS  provides  a  software  interface  between  the  user's  programs 
and  the  I/O  drivers,  called  the  I/O  controller  ( $IOC) .  £lOC  processes 
all  user  requests  for  I/O  transfers,  determines  which  driver  should  be 
employed,  checks  that  driver's  availability,  and  sees  that  control 
is  returned  to  the  user  at  the  specified  time.  To  accomplish  these 
functions,  JlOC  must  be  provided  with  two  pieces  of  information: 

(1)  The  logical  unit  number,  and 

(2)  The  recall  mode. 


2.3.1  Logical  Unit  Number 

Since  various  devices  can  perform  the  same  type  of 
data  transfer,  it  is  sometimes  useful  for  the  user  to  specify  the  type 
of  transfer  he  wishes  to  do,  independent  of  device.  However,  in  some 
Instances  the  device  used  is  of  great  importance.  Both  situations  are 
serviced  by  the  use  of  logical  unit  numbers. 

A  logical  unit  is  simply  a  non-negative  number  to  which 
the  system  has  associated  a  particular  I/O  driver.  This  association  is  subject 
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to  change  by  reprogramming  or  by  program  alteration  during  execution. 

As  many  logical  units  as  desired  can  be  defined.  The  actual  associ¬ 
ations  are  defined  in  the  logical  unit  table  ($LUT) .  The  nth  entry 
in  this  table  contains  the  driver  number  associated  with  logical  unit 
n.  Hence,  if  entry  4  contains  a  1,  logical  unit  (LU)  4  specifies 
driver  #l--the  TTY  character  output  driver.  A  user  wishing  to  always 
perform  character  output  to  the  teletype  could  specify  that  LU  4 
always  remain  fixed  at  1 .  However,  if  character  output  to  the  line 
printer  would  also  be  acceptable,  LU  4  could  be  set  at  either  a  1  or  a 
4.  Then,  depending  on  exactly  how  entry  4  In  ^LUT  was  set,  a  request 
for  a  data  transfer  involving  LU  4  could  result  in  character  output 
to  either  the  TTY  or  the  LPR . 

The  logical  unit  approach  to  a  driver  designation  also 
provides  for  shutdown  of  a  device  during  execution.  For  example,  if 
LU  1  is  set  to  the  line  printer  character  output  driver,  and  the  line 
printer  develops  a  malfunction,  the  system  could  be  instructed  to 
temporarily  change  LU  1  to  an  alternate  driver,  like  the  PTP  character 
output  driver,  and  the  line  printer  develops  a  malfunction,  the  system 
could  be  Instructed  to  temporarily  change  LU  1  to  an  alternate  driver, 
like  the  PTP  character  output  driver.  In  this  way,  output  would  be 
saved  on  an  alternate  medium,  and  could  be  transferred  to  the  line 
printer  at  a  later  time.  Alternatively,  the  LU  1  entry  in  $LUT  could 
be  set  negative,  which  implies  that  LU  1  is  an  illegal  designation. 

Thia  would  prohibit  further  outputs  to  the  line  printer  until  it  is 
repaired  at  which  time  LU  1  could  again  be  reset  to  the  printer. 


2.3.2  Recall  Mode 


$IOC  provides  two  ways  for  the  user  to  be  recalled 
after  requesting  an  I/O  operation.  The  first  is  to  activate  the  driver 
and  Immediately  recall  the  user's  program.  This  is  called  an  immediate 
recall  and  is  specified  by  a  negative  recall  mode.  The  second  is  to 
wait  until  the  requested  I/O  transfer  has  been  completed  and  the  driver 
has  terminated  its  execution  before  recalling  the  user's  program.  This 
is  called  a  terminate  recall  and  is  specified  by  a  positive  recall  mode. 

In  addition  to  the  logical  unit  and  recall  mode 
designations  needed  by  $IOC,  each  driver  needs  information  concerning 
the  nature  of  the  specific  I/O  transfer  to  be  performed.  All  this 
information  is  stored  in  a  particular  order  in  the  user's  program  and 
is  collectively  called  a  driver  parameter  block  (DFB). 

2.3.3  Driver  Parameter  Block  (DIB) 


A  DFB  contains  all  Information  needed  by  $ IOC  and  the 
indicated  driver  to  perform  the  specified  I/O  transfer.  Since  different 
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drivers  may  require  different  amounts  and  kinds  of  information,  a 
DPB  can  vary  in  size  and  content.  However,  certain  information  must 
always  be  present  in  all  DPB ' s .  For  this  reason,  the  first  five 
entries  in  a  DPB  are  fixed  in  order  and  content  as  follows: 

Entry  l--Logical  unit  number 

Entry  2--Recall  mode 

Entry  3--Driver  operation  code 

Entry  4--Status  word 

Entry  5--Buffer  area  FWA 

The  driver  operation  code  indicates  to  the  driver 
exactly  what  kind  of  transfer  to  perform.  Each  driver  has  its  own 
set  of  legal  operation  codes. 

The  status  word  is  used  to  Indicate  to  the  user's 
program  the  status  of  his  requested  transfer.  Both  $IOC  and  the  drivers 
use  this  word  to  communicate  with  the  user’s  program.  The  following 
status  codes  are  currently  employed: 

0--Driver  is  busy  processing  the  user's  request. 

1--Request  has  successfully  been  completed. 

“1  —  I/O  device  involved  in  transfer  has  responded  busy 
abnormally;  transfer  has  been  aborted. 

-2-- Indicated  operation  code  (Op  Code)  is  illegal. 

-3--Logical  unit  designation  or  driver  number  is  illegal. 

The  buffer  area  FWA  contains  the  starting  address  of  a 
storage  buffer  with  data  to  be  output  or  memory  reserved  for  the  input. 

To  request  an  I/O  transfer  the  user  need  only  call  $IOC, 
indicating  the  FWA  of  the  associated  DPB,  and  a  busy  address  to  which 
$OIC  will  return  control  if  the  driver  associated  with  the  specified 
DPB  is  busy  performing  some  other  transfer  (either  for  this  or  another 
user's  program).  In  this  way,  the  user's  program  can  respond  to  a 
busy  driver  in  any  manner  it  wishes  by  specifying  the  required  busy 
address.  Figure  5  shows  how  $IOC  processes  I/O  requests. 
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Fleur*  5.  Input/output  raquaat  prootiilnc. 
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$IOC  uses  the  busy  flag  table  ($BFT)  to  store  the  ready/busy  status  of 
each  driver  In  order  of  driver  number.  When  a  driver  Is  called  Into 
action,  Its  flag  Is  set  busy;  and  when  the  driver  terminates  its 
action,  Its  flag  is  reset  to  ready. 

It  is  Important  to  note  that  $IOC  passes  two  pieces 
of  information  to  the  driver:  the  DH3  FWA  +  1,  enabling  the  driver  to 
have  access  to  needed  information  concerning  the  requested  transfer; 
and  a  recall  number,  which  the  driver  will  later  return  to  $IOC.  Upon 
completion  of  a  transfer— successful  or  not— each  driver  calls  the 
termination  portion  of  $IOC,  called  specifying  its  driver 

number  and  the  recall  number  for  tie  transfer  Just  completed,  $IOT 
then  sets  the  driver  not  busy,  removes  it  from  the  active  list,  and, 
if  the  recall  number  is  positive  (say  n),  recalls  program  n  onto  the 
active  list— that  it,  it  performs  a  terminate  recall. 

Following  is  a  detailed  discussion  of  each  I/O 
driver  currently  employed  by  SOSOFT. 


2.3.4  Teletype  Character  Input  Driver  ($TTI-#Q) 

$TTI  inputs  characters  in  ASC  II  code  from  the  tele¬ 
type  keyboard  and  stores  them  in  a  user  specified  buffer  area.  On 
entry  into  $TTI,  two  hardware  registers  contain  the  recall  number  and 
the  location  ->f  t;he  DPB.  These  are  saved  in  memory  for  later  use. 

$TTI  assumes  that  the  DPB  has  the  following  format: 

(1)  Logical  unit 

(2)  Recall  mode 

(3)  Op  code 

(4)  Status 

(5)  Buffer  FWA 

(6)  Maximum  number  of  words  to  transfer 

Entry  6  indicates  the  maximum  number  of  words  the 
user  wants  input  to  his  buffer.  As  soon  as  that  number  of  words  have 
been  input,  $TTI  will  stop  the  input  and  exit. 

$TTI  accepts  two  op  codes.  An  op  code  of  1  indicates 
that  the  input  characters  should  be  stored  two  per  word,  with  the  first 
character  in  the  left  half  of  the  word.  An  op  code  of  2  indicates  that 
the  input  characters  should  be  stored  one  per  word,  with  the  character 
in  the  right  half  of  the  word  and  zeros  in  the  left  half. 
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During  the  input  process,  certain  characters  are 
recognized  as  control  characters  and  are  not  stored  in  the  user's 
buffer;  instead,  these  indicate  special  actions  to  the  driver,  itself. 
These  characters  and  the  associated  actions  are: 

(1)  RUBOUT  -  deletes  all  previous  input,  and  requests 

new  Input . 

(2)  SEMICOLON  -  causes  a  return  and  line  feed  to  be 

output  to  allow  the  input  to  continue 

on  a  new  line. 

(3)  RETURN  -  terminates  the  input  and  causes  the 

driver  to  exit. 

jjrrTI  always  Indicates  its  readiness  to  accept  input 
by  outputting  a  return,  line  feed,  I,  space,  and  bell  to  the  TTY. 

The  status  word  is  set  as  follows: 

(1)  If  the  input  operation  is  successful,  status  =  1. 

(2)  If  the  TTY  is  found  to  be  invalidly  busy  on  output, 

status  =  -1. 

(3)  If  the  op  code  is  other  than  1  or  2,  status  =  -2. 


$TTO  outputs  characters  in  ASC  II  code  to  the  tele¬ 
type  from  a  user-specified  buffer  area.  On  entry,  the  recall  number  and 
DPB  location  are  saved.  The  DPB  is  assumed  to  be  in  the  following 
format . 

(1)  Logical  unit 

(2)  Recall  mode 

(3)  Op  Code 

(4)  Status 

(5)  Buffer  FWA 

(6) *Number  words  to  output 


♦Entry  6  is  optional. 
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$TTO  wil  1  output  either  a  specified  number  of  words 
or  all  words,  beginning  at  the  buffer  FVf A  and  up  to  the  first  word  in 
the  buffer  containing  all  zeros.  Also,  a  return,  line  feed  output 
preceding  the  output  of  the  buffer  is  optional.  These  options  are 
specified  by  the  user's  op  code  as  follows: 

1  -  Indicates  to  output  from  buffer  until  a  zero  word  is 

found. 

2  -  Indicates  to  output  the  specified  number  of  words 

from  the  buffer. 

3  -  Indicates  same  as  1,  except  to  precede  output  with 

a  return,  line  feed. 

4  -  Indicates  same  as  2,  except  to  precede  output  with  a 

return,  line  feed. 

$TTO  wi  11  properly  output  characters  stored  either  1 

or  2  per  word. 


The  status  word  is  set  as  follows: 

(1)  If  the  output  operation  is  successfully  completed, 

status  «  1. 

(2)  If  the  teletype  is  found  to  be  lnvalidly  busy. 

status  «  -1. 

(3)  If  the  op  code  is  other  than  1,  2,  3,  or  4,  status 

■  -2. 


2.3.6  Line  Printer  Character  Output  ($LPO  -  #4) 

$LPO  outputs  characters  in  ASC  II  code  to  a  line 
printer  from  a  user  specified  buffer.  On  entry,  the  re'call  number  and  ' 
Dm  position  are  saved.  The  Dm  is  assumed  to  be  in  the  following 
format : 


(1)  Logical  unit 

(2)  Recall  mode 

(3)  Op  code 

(4)  Status 

(5)  Buffer  FWA,  or  repeat  character 
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(6)  Number  of  words  to  output,  or  repeat 

count  (optional) 

(7)  Column  in  which  to  begin  output  (optional) 

$LPO  will  output  either  a  specified  number  of  words 
from  the  buffer  or  will  output  until  a  word  containing  all  zeros  is 
found.  If  actual  character  output  is  specified  by  the  user,  the  column 
in  which  that  output  should  begin  also  needs  to  be  specified.  Output 
may  or  may  not  be  preceded  by  a  line  feed.  These  various  options  and 
others  are  specified  by  the  user's  op  code  as  follows: 

1  -  Indicates  to  out-put  from  buffer  until  a  zero  word  is 

found,  beginning  at  the  specified  column. 

2  -  Indicates  to  output  the  specified  number  of  words 

from  the  buffer,  beginning  at  the  specified  column. 

3  -  Indicates  the  same  as  1,  except  output  is  preceded  by 

a  line  feed. 

4  -  Indicates  the  same  as  2,  except  output  is  preceded  by 

a  line  feed. 

5  -  Indicates  to  output  a  top  of  form  command  to  the 

printer. 

6  -  Indicates  to  output  the  repeat  character  ( DPB  entry 

#5)  the  specified  number  of  times  (repeat  count), 

beginning  at  the  specified  column. 

$>LPO  outputs  characters  stored  either  1  or  2  per 
word.  Each  output  is  terminated  with  a  carriage  return,  causing  the 
printer  buffer  to  be  printed. 

The  status  word  is  set  as  follows: 

(1)  If  the  output  is  successfully  completed,  status  =  1. 

(2)  If  the  printer  is  found  to  be  lnvalldly  busy,  status 

»  -1. 

(3)  If  the  op  code  is  other  than  1-6,  status  w  -3. 

All  drivers  have  been  designed  to  perform  data  transfer 
at  the  maximum  possible  rate,  by  utilizing  the  SOSOFT  waiting  list  to 
wait  the  correct  time  between  characters  as  a  function  of  device  speed. 
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2.4  Executive  Utility  System  (BXUS) 


EXUS  consists  of  all  programs  commonly  used  by  various  user 
programs.  These  are  classified  as  system  programs  and.  consequently, 
do  not  contain  an  IB  or  program  number.  Ar  is  true  for  all  system 
programs,  interrupts  are  also  disabled  during  the  execution  of  executive 
utility  routines.  EXUS  consists  of  the  following  utility  routines: 

(1)  $SAV  -  Saves  CPU  status  and  current  entry  point  of  HAL 

for  the  calling  program. 

(2)  $RES  -  Restores  C RJ  status  of  HAL  and  Jumps  to  its 

current  entry  point. 

(3)  $TDP  -  Processes  all  data  for  the  test  system  programs. 

(4)  ^ ADC  -  Inputs  and  processes  a  single  analog-to-dlgltal 

converter  channel. 

(5)  $CWD  -  Outputs  a  control  word  to  the  testing  system 

interface . 

(6)  $DIN  -  Inputs  data  from  the  testing  system  interface. 

(7)  $DIC  and  ^SEN  -  Input  data  from  the  testing  system's 

digital  input  channels  and  sense  lines. 

(8)  $BUF  and  ^REL  -  Output  data  to  the  testing  system's 

buffered  storage  registers  and  reed 
relays  . 

(9)  $SPO  -  Provides  a  software  Interface  between  user 

programs  and  the  data  display  system. 

(10)  $TIME  -  Converts  the  current  time  to  hours  and  minutes. 

(11)  $BCD  -  Converts  binary  numbers  to  ASC  II  code  of  any 

designated  radix. 

(12)  $VCD  -  Converts  an  ADC  Input  to  ASC  II  characters 

representing  volts,  accurate  to  20  mV. 

(13)  $SQN  -  Converts  a  binary  number  to  a  signed  five-digit 

decimal  number  In  ASC  II  code. 

(14)  $CAT  -  Performs  necessary  catastrophic  failure  procedures. 
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Following  is  a  detailed  discussion  of  each  of  these  executive 
utility  routines. 


2.4.1  Utility  Routine  Number  1  ($SAV) 

£SAV  stores  the  contents  of  all  hardware  registers  and 
the  overflow  Indicator  in  HAL's  IB,  and  sets  HAL’s  current  entry  point 
to  the  contents  of  the  entry  point  in  the  routine  calling  $SAV.  Also, 
$SAV  assumes  that  its  caller's  entry  point  is  located  two  memory 
locations  prior  to  the  actual  call  to  $SAV. 


2.4.2  Utility  Routine  Number  2  ($RES) 

$RES  restores  the  hardware  registers  and  overflow 
indicator  from  HAL's  IB,  and  returns  control  to  HAL’s  current  entry  point. 

2.4.3  Utility  Routine  Number  3  ($TDP) 

$TDP  (test  data  processor)  processes  data  for  the  testing 
system.  The  calling  program  must  pass  certain  information  to  $TDP 
to  aid  in  this  processing.  Of  most  importance  is  the  raw  data  to  be 
processed.  In  addition,  the  location  of  certain  information  required 
by  $TDP  must  be  provided.  Given  this  information,  $TDP 

(1)  Linearly  calibrates  the  raw  data  as  follows: 

let  S  =  specified  system  output  with  a  +  reference 
voltage  as  an  input. 

B  =  specified  system  output  with  a  zero  reference 
voltage  as  an  input. 

s  =  current  system  output  with  +  reference  as  input. 

b  =  current  system  output  with  zero  reference  as 
input. 

d  =  raw  data  to  be  calibrated. 

c  =  calibrated  data. 


then 

(S-B)  x  (d-b) 
C  =  (s-b) 
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(2)  Resets  certain  lot-dependent  data  If  the  input  represents 

the  beginning  of  a  new  sample  lot. 

(3)  Determines  which  cell  within  a  frequency  distribution 

the  calibrated  datum  falls  into,  and  Increments  the 
frequency  count  corresponding  to  that  cell. 

(4)  Checks  if  calibrated  datum  falls  within  acceptable  test 

limits — that  Is,  it  decides  if  datum  passes  or  falls. 

(5)  Updates  certain  failure  data,  if  the  datum  falls. 

(6)  Returns  calibrated  datum  and  a  pass/fail  indicator  to 

the  calling  program. 


2.4.4  Utility  Routine  Number  4  ($ADC) 

$ADC  inputs  and  processes  a  single  reading  of  an  ADC 
channel  at  one  testing  station.  This  is  done  by  first  outputting  a 
control  word  to  the  station  by  calling  $CWD,  indicating  that  an  analog- 
to-dlgltal  conversion  is  desired.  Then  $DIN  is  called  to  Input  the 
actual  $ ADC  reading.  If  no  processing  is  desired,  $ADC  returns  the 
raw  data  to  the  calling  routine;  otherwise,  $TDP  is  called  to  process 
the  data,  and  ^ADC  returns  the  calibrated  data  to  the  calling  routine. 

If  the  input  from  the  testing  system  Interface  does 
not  occur  properly,  4  ADC  will  return  control  to  the  cal  ling  program  at 
a  specified  location.  Informing  the  caller  that  the  ADC  channel  Is 
responding  busy.  Also,  if  the  input  datum  "falls"  in  $TDP,  $ ADC  will 
return  control  to  another  specified  location,  informing  the  caller  of 
this  fact. 


2.4.5  Utility  Routine  Number  5  ($CWD) 

$CWD  outputs  control  words  to  the  testing  system 
interface  if  possible.  If  the  Interface  responds  busy  for  longer  than 
a  specified  time  (presently  100  psec),  $CWD  reacts  by  continually 
outputting  an  error  signal  to  the  operator.  When  the  operator  has 
taken  the  necessary  corrective  action,  ^CWD  calls  $CAT  which  sets  all 
test  system  programs  to  restart  at  a  special  location,  informing  them 
that  this  catastrophic  failure  has  occurred.  If  the  Interface  responds 
ready  within  the  specified  time,  the  control  word  sent  by  the  calling 
routine  is  output,  and  $CWD  returns  control  to  the  caller. 
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2.4.6  Utility  Routine  Number  6  ($DIN) 

$DIN  Inputs  data  from  the  testing  system  interface 
when  possible.  If  the  Interface  responds  busy  for  longer  than  a 
specified  time  (presently  lOO  psec),  *DIN  returns  control  to  the 
calling  routine  at  a  special  location,  informing  it  of  this  error. 
Otherwise,  $DIN  Inputs  the  data,  and  returns  control  to  the  calling 
routine. 


2.4.7  Utility  Routine  Number  7  ($DIC  or  $SEN) 


$DIC  inputs  data  from  a  testing  system  digital  input 
channel .  This  is  done  by  outputting  a  control  word  via  $CWD  and 
Inputting  the  data  via  $DIN.  The' testing  system  sense  lines  are  a 
particular  set  of  digital  input  channels. 


2.4.8  Utility  Routine  Number  8  ($BUF  or  jiREL) 

|BUF  outputs  data  to  a  testing  system  buffered  storage 
register.  This  is  done  by  outputting  a  control  word  containing  the 
data  via  $CWD.  The  testing  system  reed  relays  are  a  particular  set  of 
buffered  storage  registers. 

2.4.9  Utility  Routine  Number  9  ($SPO) 

$SPO  provides  the  means  for  user  program  communication 
with  the  data  display  system.  The  calling  program  informs  $SPO  of  the 
nature  of  the  data  display  desired.  Then  $SPO  checks  the  status  of  the 
display  system.  If  the  system  is  ready  to  perform  another  display, 

$SPO  passes  the  needed  information  to  the  system,  and  returns  control 
to  the  calling  program.  If,  however,  the  display  system  is  busy 
processing  a  previous  request,  $SPO  returns  control  to  the  calling 
program  at  a  particular  address,  informing  it  that  the  request  can  not 
be  processed  at  this  time.  The  caller  can  then  either  continue  with 
some  other  operation  or  can  continue  calling  $>SPO  until  the  request 
is  accepted. 


2.4.10  Utility  Routine  Number  IQ  ($TIME) 

^TIME  converts  the  master  clock  (msec  counter)  into 
hours  and  minutes.  This  time  is  then  added  to  the  time  in  hours  and 
minutes  at  which  the  system  was  initialized.  The  result  is  then  returned 
to  the  user.  The  calculation  is  accurate  to  within  1  min. 
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2.4.11  Utility  Routine  Number  11  (4>BCD) 


$BCD  converts  a  user-specified  binary  number  to 
ASC  II  code.  The  number  of  digits  and  the  radix  of  the  result  are  user 
specified.  The  result  is  stored  two  digits  per  word.  If  the  number  of 
digits  desired  is  odd,  one  word  will  contain  a  single  digit  in  one 
half  and  zeros  in  the  other  half. 

Since  $BCD  is  employed  by  the  data  displny  system 
to  convert  frequencies,  which  are  biased  by  -32,768,  the  user  can 
specify  that  the  number  to  be  converted  is  so  biased.  Unbiased  numbers 
can  result  in  values  from  010  to  32,76710.  Biased  numbers  can  result 
in  values  from  010  to  65, 53^0 .  Unsignificant  leading  digits  are  set 
to  zeros. 

2.4.12  Utility  Routine  Number  12  (  $VCD) 

$VCD  is  used  to  convert  analog-to-digital  converter 
inputs  to  ASC  II  code,  representing  the  input  in  volts,  accurate  to 
20  mV.  The  result  of  the  conversion  is  three  words  of  the  form 
±DD.DD,  where  D  is  a  single  decimal  digit.  Positive  voltages  are 
preceded  by  a  spa-e.  negative  voltages  by  a  minus  sign.  The  range 
on  inputs  is  0g-1777g;  the  corresponding  range  on  converted  values  is 
-10.24  to  10.22  V. 


2.4.13  Utility  Routine  Number  13  ($SON) 

$SGN  is  used  to  convert  a  user  specified  binary 
number  to  a  signed  five-digit  decimal  number  in  ASC  II  code.  This 
routine  uses  $BCD. 


2.4.14  Utility  Routine  Number  14  ($CAT) 

$CAT  is  called  to  handle  any  catastrophic  failure 
action.  It  sets  all  current  entry  points  of  test  programs  on  the 
Active  List  to  their  corresponding  fall  reentry  points. 

2.5  Basic  Testing  System  (BATS) 

The  SOSOFT  subsystem  that  controls  the  fuze  testing  operation 
is  BATS.  At  various  points  along  the  assembly  line,  test  points  have 
been  set  up  for  in-line  testing  in  addition  to  the  final  testing  point. 
Each  in-line  .test  position  and  the  final  test  are  controlled  by  a 
separate  test  program.  The  present  system  incorporates  three  in-line 
test  points.  The  associated  programs  are  called  test  programs  1 
through  3.  The  final  testing  program  is  called  test  program  4. 
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Each  tost  program  is  user  defined  and,  therefore,  contains  an 
information  block  (IB).  The  program  priorities  for  the  test  programs 
have  been  set  to  the  same  value,  which  is  higher  than  that  of  any  other 
user  program.  Thus,  the  test  programs  are  of  highest  priority  within 
the  SOSOFT  system, 

A  scanned  interrupt  from  a  testing  station  signifies  that  the 
next  fuze  is  now  in  posicion  for  testing.  In  response  to  this  interrupt, 
the  scanned  interrupt  processor  adds  the  needed  test  program  to  the 
Active  List.  Once  given  control,  the  test  program  performs  the  required 
tests  for  the  fuze  at  its  position. 


Tile  basic  operations  of  a  test  program  are  to: 

(1)  Update  calibration  factors, 

(2)  Perform  required  tests,  input  and  process  results, 

(3)  Provide  the  operator  with  visual  indications  of  test  results. 

(4)  Reject  fuzes  under  specified  conditions,  and 

(5)  Stop  the  assembly  process  upon  detection  of  certain  errors. 

The  system  operator  has  some  control  over  which  of  these 
operations  are  performed  via  the  recycle  switch  located  at  each  test 
position . 


2.5.1  Update  Calibration  Factors 

At  the  start  of  each  test  sequence,  the  test  programs 
update  the  calibration  factors  for  each  calibrated  test  parameter. 

This  consists  of  applying  zero  and  plus  reference  voltages  to  the 
circuit  to  be  tested,  and  inputting  the  corresponding  output  voltages. 
These  outputs,  called  the  current  offset  and  the  current  plus  reference 
output,  are  stored  in  the  test-data  blocks  to  be  checked  against 
restriction  values  by  the  background  program.  They  are  also  used  by 
$TDP  in  calibrating  analog  Inputs.  Calibration  factors  are  updated 
regardless  of  the  state  of  the  recycle  switch. 


2.5.2  Perform  Tests,  Input  and  Process  Results 

In  general,  tests  require  the  application  of  various 
analog  signals  to  the  fuze.  This  is  accomplished  by  certain  executive 
utility  routines  that  allow  the  test  programs  to  program  buffered 
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storage  registers  controlling  the  analog  sources.  Test  results  are 
input  in  digital  form  from  either  a  digital  input  channel  or  an  analog- 
to-digital  converter.  This  Input  is  accomplished  via  EXUS.  As  data 
is  input,  test  programs  may  employ  $TDP  to  process  it.  In  most  in¬ 
stances,  this  greatly  reduces  the  burden  on  the  test  program.  With 
the  recycle  switch  in  the  recycle  position  statistical  test  data  is 
not  accumulated  by  the  program. 

To  process  test  results  and  accumulate  statistical 
data,  certain  parameters  are  required  by  the  test  programs.  These 
parameters,  along  with  all  test  statistics,  are  grouped  into  data 
blocks  (DB's).  Each  testing  position,  as  well  as  each  individual  test, 
requires  its  own  DB.  These  DB's  also  include  information  required  to 
perform  the  remaining  three  test  program  basic  operations.  The  DB 
contents  and  organization  follow: 

Test  Position  Data  Block - This  DB  contains  information 

at  the  fuze  level.  It  contains  both  test  parameters  and  statistical 
data. 


Parameters : 

(1)  Number  of  fuzes  comprising  a  sampling  lot. 

(2)  Number  of  rejects  allowed  per  sampling  lot. 

(3)  Real-time  data  display  flag. 

Statistical  Data: 

(1)  Total  number  of  fuzes  tested. 

(2)  Total  number  of  fuzes  rejected. 

(3)  Total  number  of  machine  stops. 

(4)  Correlational  rejection  data. 

Individual  Test  Data  Block. - This  DB  contains 

information  at  the  individual  test  level.  It  contains  test  parameters 
and  statistical  data. 

Parameters ; 

(1)  Minimum  acceptance  limit. 

(2)  Maximum  acceptance  limit. 
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(3)  Number  of  consecutive  test  failures  allowed. 

(4)  Oaln  and  offset  calibration  restriction  values. 

(5)  Automatic  statistical  display  frequency. 

(6)  Number  of  Intervals  in  each  frequency  distribution. 

(7)  Lower  limit  of  each  frequency  distribution. 

(8)  Upper  limit  of  each  frequency  distribution. 

(9)  Interval  width  of  each  frequency  distribution. 
Statistical  Data : 

(1)  Total  number  of  test  failures. 

(2)  Number  of  test  failures  during  this  sampling  lot. 

(3)  Number  of  consecutive  test  failures. 

(4)  Gain  and  offset  calibration  factors. 

(5)  Frequency  distribution  for  all  test  results  in 

the  previous  sampling  lot. 

(6)  Frequency  distribution  for  all  test  results  in 

the  current  sampling  lot. 

(7)  Cumulative  frequency  distribution  for  all  test 

results . 

(8)  Individual  failing  readings  for  the  current 

sampling  lot. 

2.5.3  Provide  Operator  with  Visual  Indications  of  Test  Results 


Visual  indications  of  test  results  are  of  two  kinds-- 
printed  information  and  indicator  lights.  The  printed  information  is 
displayed  on  either  the  line  printer  or  the  teletype.  The  indicator 
lights  are  part  of  the  basic  test  station  console  at  each  test  position. 

Indicator  Lights — Associated  with  each  fuze  test  is 
a  single  pass/fall  indicator,  illuminated  if  the  test  is  passed  and 
extinguished  if  the  test  is  failed.  In  addition,  each  test  position 
has  a  reject  Indicator  which  is  illuminated  if  the  fuae  Just  tested 
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is  rejected.  The  major  purpose  of  these  indicators  is  to  serve  as 
error  flags  for  the  quality  assurance  (QA)  engineer  should  the 
assembly  process  be  stopped  due  to  some  error  condition.  The  indicators 
are  activated  regardless  of  the  position  of  the  recycle  switch. 

Printed  Informatlon--There  are  three  kinds  of  printed 
information  that  can  be  provided  by  a  test  program.  These  are: 

(1)  Statistical  display  of  the  test  position  data. 

(2)  Statistical  display  of  an  individual  test's  data. 

(3)  Real-time  individual  test  results. 

The  statistical  data  displays  are  provided  automatically 
at  a  specified  frequency  ranging  from  every  50  fuzes  to  every  30,000 
fuzes  as  specified  by  the  operator.  It  is  noted  here  that  these  displays 
can  be  produced  upon  demand  at  any  time,  by  using  the  conversational 
control  system.  The  details  of  these  displays  are  discussed  in  section 
2.6. 


The  real-time  test  results  are  a  single  lino  of  output 
presenting  the  test  readings  in  volts  on  a  per  fuze  basis.  For  test 
results  not  measured  in  volts,  some  other  indication  of  the  result 
is  presented.  This  output  provides  the  QA  engineer  with  immediate 
feedback  as  to  the  condition  of  test  results.  The  output  is  optional 
for  each  test  position  and  can  be  selectively  initiated  and  terminated 
by  the  operator  via  the  conversational  control  system.  Real-time 
output  is  produced  when  requested  regardless  of  the  position  of  the 
recycle  switch. 


2.5.4  Reject  Fuzes  under  Specified  Conditions 

Each  test  program  has  the  capability  of  rejecting 
fuzes  under  certain  specified  conditions.  Associated  with  each  of 
the  individual  tests  performed  by  the  program  is  a  pass/fail  criterion, 
which  usually  means  simply  a  minimum  and  maximum  acceptable  reading. 

In  most  instances,  the  failure  of  any  such  test  indicates  that  the 
fuze  should  be  rejected.  When  the  decision  to  reject  a  fuze  has  been 
made,  the  program  lights  the  fuze-reject  indicator  at  the  test  console 
and  activates  the  fuze-reject  punch.  This  punch  physically  alters  the 
fuze  so  that  no  additional  components  will  be  added  by  other  assembly 
machines.  Once  rejected  a  fuze  will  not  be  tested  at  any  of  the  re¬ 
maining  test  positions  on  the  line. 
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2.5.5  Stop-Assembly  Process  upon  Detection  of  Certain  Errors 


If  certain  error  conditions  are  detected  by  the  tost 
program,  it  can  bring  the  associated  assembly  machine  to  a  halt.  When 
this  is  done,  a  machine-fail  light  is  activated  to  indicate  that  the 
machine  has  been  stopped.  J>  addition,  a  statistical  data  display  for 
all  failing  tests  will  be  published,  with  an  indication  of  why  the 
machine  was  stopped.  The  combination  of  the  printed  data  and  indicator 
lights  affords  the  QA  engineer  a  powerful  diagnostic  tool  for  quickly 
isolating  and  remedying  the  cause  of  the  failures.  When  the  recycle 
switch  is  in  the  recycle  position,  error  conditions  are  not  acted  upon. 


stoppage : 


Presently,  four  types  of  errors  can  produce  a  machine 


(1)  If  the  reject  rate  for  a  single  sample  lot  exceeds  a 
specified  value; 


(2)  If  the  number  of  consecutive  failures  for  any  individual 
test  exceeds  a  specified  value; 


(3)  If  a  piece  of  hardware  at  the  basic  test  station  responds 

busy ;  and 

(4)  If  the  tests  to  be  made  are  not  completed  prior  to 

probe  opening. 


Following  is  a  description  of  the  tests  performed  at 
each  of  the  four  test  positions. 

Test  Position  1  (Probe  1) - At  this  position  three 

fuze  parameters,  current,  oscillator  emitter  voltage,  and  rf  power 
are  measured  via  an  analog-to-digital  converter  (ADC)  at  test 
station  one. 


Test  Position  2  (Probe  2) - At  this  position  three 

fuze  parameters — current,  voltage  at  pin  6  of  the  integrated  circuit, 
and  fuze  sensitivity  are  measured.  The  current  and  voltage  are  obtained 
via  an  ADC  and  the  sensitivity  is  obtained  from  a  digital  input  ch.mnel 
containing  the  peak-to-peak  voltage  that  caused  a  firing  pulse  in  the 
fuze.  A  dummy  value  of  40.96  V  is  entered  into  the  sensitivity  data 
block  if  no  firing  pulse  occurs. 

Test  Position  3  (Probe  3) - At  this  position  three 

fuze  parameters — current,  arming  time,  and  modulation  amplitude  are 
measured  directly;  and  one  parameter,  fuze  noise  rejection,  is  tested 
on  a  go/no-go  basis.  The  current  and  modulation  amplitude  are  measured 
via  an  ADC.  The  arming  time  is  obtained  from  a  digital  input  channel 
containing  the  time  in  milliseconds  from  fuze  turn  on  and  application  of 


36 


a  firing  signal  until  the  first  firing  pulse.  If  the  fuze  does  not 
fire,  a  dummy  arming  time  value  of  2048  msec  is  entered  into  the  arming 
time  DB.  The  noise  rejection  test  is  a  go/no-go  test,  but  only  one 
signal  level  is  used.  A  noise  signal  is  coupled  to  the  fuze  power  sup¬ 
ply,  and  the  criterion  for  passing  the  test  is  that  the  fuze  shall  not 
fire.  Determination  of  firing  is  from  a  digital  input  channel. 

Test  Position  4  (Final  Test  Chamber) - The  final  test 

position  consists  of  two  test  chambers  that  test  fuzes  alternately. 

One  chamber  tests  a  fuze  while  the  other  is  being  loaded  with  the 
next  fuze  to  be  tested.  Fuze  current,  rf  power,  and  fuze  sensitivity 
are  measured  on  every  fuze,  and  arming  time  and  noise  rejection  are 
measured  on  a  sample  basis.  Current  and  power  are  measured  via  an  ADC, 
and  sensitivity,  via  a  digital  input  channel  containing  the  peak-to- 
peak  amplitude  of  the  fuze  firing  voltage.  A  dummy  value  of  40.96  V 
is  entered  into  the  sensitivity  data  block  if  no  fire  pulse  occurs. 
Arming  time  and  noise  rejection  are  measured  at  a  sampling  interval 
determined  by  the  user  and  entered  into  the  testing  system  via  the 
conversational  control  system.  Arming  time  is  obtained  from  a 
digital  input  channel  that  contains  the  time  in  milliseconds  from 
fuze  turnon  and  application  of  a  firing  signal  until  the  first  firing 
pulse.  If  there  is  no  firing  pulse,  a  dummy  arming  time  of  2048  msec 
is  entered  into  the  arming  time  DB.  The  noise  rejection  test  is  a 
go/no-go  test  in  which  the  fuze  shall  not  fire  if  a  given  noise  signal 
is  coupled  to  the  fuze  power  supply  voltage.  Determination  of  firing 
is  from  a  digital  input  channel. 

A  typical  flow  chart  of  a  testing  system  program 
appears  in  appendix  E.  This  chart  shows  the  testing  and  decision 
sequence  of  the  testing  syatem  program,  which  performs  the  tests  at 
test  position  3. 

2.6  Data  Display  System  (DADS) 

The  data  display  system  (DADS)  controls  all  formatted 
output  of  statistical  data  stored  by  the  basic  testing  system.  The 
output  consists  of  three  major  sections:  (1)  the  heading,  (2)  the 
station  data,  and  (3)  the  parameter  data. 

2.6.1  Heading 


The  data  display  heading  includes  the  date  and  time 
of  output,  the  number  of  the  probe  for  which  data  are  being  displayed, 
and  a  preamble  informing  the  operator  of  the  purpose  for  the  output 
and  the  test  parameter  whose  data  are  being  displayed. 
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2.6.2  Station  Data 


Three  cumulative  frequencies  are  displayed  as  part  of 
the  station  data.  They  are  (1)  the  total  number  of  fuzes  tested  at 
the  station,  (2)  the  total  number  of  fuzes  rejected  at  the  station,  and 
(3)  the  total  number  of  computer- initiated  assembly  machine  stops  at 
the  station.  In  addition,  certain  correlation  data  is  displayed.  These 
data  are  frequencies  of  occurrence  of  combinations  of  test  failures. 

The  combinations  vary  from  station  to  station. 

2.6.3  Parameter  Data 


Three  formats  are  used  to  display  parameter  data: 

(1)  for  voltage  measurements,  (2)  for  time  measurements,  and  (3)  go/ 
no-go  measurements  such  as  noise  immunity. 

Voltage  Measurement  Format - The  first  part  of  the 

output  presents  failure  information--(l)  the  total  number  of  fuze 
failures  of  the  test,  (2)  the  number  of  fuze  failures  within  the 
present  sampling  lot,  (3)  the  number  of  consecutive  fuze  failures  of  the 
test,  and  (4)  the  falling  readings  for  the  present  sampling  lot 
(limited  to  20  readings). 

The  second  part  of  the  output  presents  three  frequency 
distributions  of  the  tost  readings:  (1)  for  the  present  sampling  lot, 

(2)  for  the  entire  previous  sampling  lot,  and  (3)  for  representing 
the  cumulative  distribution  over  a  period  of  up  to  a  month.  Frequency 
of  occurrence  and  percent  of  total  within  each  voltage  interval  are 
displayed. 


The  last  part  of  the  output  presents  the  acceptance 
limits  presently  being  used  for  the  test.  These  consist  of  a  maximum  and 
minimum  acceptable  voltage  reading. 

Time-Measurement  Format - The  time  format  is  much  the 

same  as  the  voltage  format  except  that  the  unit  of  measurement  is 
milliseconds  rather  than  volts.  However,  the  calibration  factors  are 
meaningless  and  will  always  display  a  gain  of  +1.000  and  an  offset 
of  0.00 . 


Go/No-Oo  Measurement - Part  I  of  the  data  is  the  same 

as  that  for  the  other  two  formats,  except  that  falling  readings  for  the 
present  sampling  lot  are  not  displayed.  Instead,  the  number  of  failures 
of  the  test  are  presented  for  the  present  sampling  lot,  the  previous 
sampling  lot,  and  a  cumulative  total.  Where  possible,  the  kinds  of 
failures  have  been  separated  into  high  and  low  failures.  Parts  II  and 
III  are  meaningless;  and,  hence,  are  not  displayed. 

Appendix  F  contains  examples  of  each  of  the  three  types 

of  data  display. 
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2.7  Conversational  Control  System  (CCS) 


The  conversational  control  system  (CCS)  allows  an  operator 
with  a  valid  "password"  to  communicate  with  SOSOFT  on  a  real-time 
basis  via  the  teletype  keyboard.  Through  CCS,  the  operator  is  able  to 
control  certain  system  functions,  and  display  and  change  selected 
system  parameters. 


2.7.1  Controllable  System  Functions 

The  following  system  functions  car.  oe  con. relied  by 

the  operator: 

(1)  The  addition  or  deletion  of  test  programs  from  the  system 

by  changing  the  proper  entry  in  the  IBET  table ; 

(2)  Output  of  real-time  data  from  each  test  program  in¬ 

dependently  initiated  and  terminated; 

(3)  Output  of  statistical  data  displays  for  individual  tests; 

(4)  Output  of  the  contents  of  all  test  station  data  blocks 

onto  paper  tape  via  the  high  speed  or  teletype  punch, 
to  permit  day-to-day  update  of  data; 

(5)  Verification  of  binary  tapes  via  parity  and  checksum 

validation  on  the  high-speed  or  teletype  reader; 

(6)  Resetting  cumulative  data  in  the  test  station  DB's  to 

initial  values; 

(7)  Stopping  assembly  machines  under  computer  control  for 

end-of-day  shutdown; 

(8)  Re-inltlallzation  of  the  system  at  any  time;  and 

(9)  Output  of  calibrations  factors  being  used  for  each 

calibrated  parameter. 


2.7.2  Displayable  Parameters 

The  system  parameters  that  can  be  displayed  and 
changed  by  the  operator  are: 

(1)  The  size  and  reject  rate  of  a  production  sample  lot; 

(2)  The  frequency  of  full  tests  at  the  final  test  station; 
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(3)  The  number  of  consecutive  rejects  allowed  for  each 

parameter  tested; 

(4)  The  minimum  and  maximum  acceptance  limits  for  each 

parameter  tested; 

(5)  The  specified  system  offset  and  plus  reference  output 

for  each  calibrated  parameter. 

(6)  The  interval  at  which  automatic  statistical  data  displays 

are  published  for  each  parameter  tested. 

(7)  The  contents  of  the  logical  unit  table,  allowing  on¬ 

line  change  of  certain  I/O  device  uses. 

The  fuze  testing  continues  uninterrupted  during  the 
request  and  implementation  of  any  of  the  above  CCS  functions. 

In  addition  to  the  above  operator  actions,  CCS  allows 
the  development  programmer  to  cue  the  system  on-line  debug  program 
into  action,  allowing  him  to  selectively  execute  his  program  and  alter 
it  as  needed.  This  appreciably  speeds  up  the  debugging  of  additions 
or  alterations  to  the  SOSOFT  programs. 


2.8  Reliability  Monitoring  System  (REMSY) 

REMSY,  consisting  only  of  the  background  program,  monitors 
the  reliability  of  analog  measurements  being  made  by  SOSOFT.  This 
is  accomplished  by  comparing  the  current  calibration  factors  for  each 
analog  channel  with  their  corresponding  restrictions.  If  a  factor 
extends  beyond  the  acceptable  range,  a  calibration  failure  has  occurred. 
This  failure  stops  the  associated  assembly  machine,  illuminates  the 
associated  calibration  fail  light  at  the  test  station,  and  prints  a 
message  on  the  teletype  indicating  the  type  and  location  of  the  fail. 

Each  time  a  test  program  updates  calibration  factors,  it 
sets  a  flag  notifying  REMSY  to  check  the  new  factors.  As  long  as 
the  factors  remain  within  the  specified  limits,  the  SOSOFT  calibration 
technique  employed  in  $TDP  will  correct  for  drifts  in  the  system 
hardware  involved  in  analog  mea.  urements . 


3.  CONCLUSIONS 

The  software  described  in  this  report  was  initially  formulated  in 
conjunction  with  the  testing  system  for  the  XM596  40-mm  grenade 
proximity  fuze.  However,  the  software  has  been  designed  so  that  only 
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the  actual  fuze  testing  programs  need  be  specifically  designed  for  a 
given  testing  system.  All  executive-  and  service-type  programs  in  the 
software  are  of  a  generaj  nature  and  can  be  used,  with  little  or  no 
modification,  in  any  generalized  fuze  testing  system.  For  a  specific 
example  of  the  type  of  software  system  described  hejein,  see  appendix  G. 
This  appendix  contains  a  symbolic  listing  of  the  software  written  for 
the  Varian  620/i  computer,  which  is  used  in  the  testing  of  the  XM596 
proximity  fuze. 
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APPENDIX  A 


GLOSSARY  OF 

Address 

ASC  II  Code 

Binary 
Binary  Code 

Bit 

Buffer 

Call 

Central  Processing  Unit 

Checksum 

Debug 

Driver 

Entry  Point 


COMPUTER  SCIENCE  TERMINOLOGY 


Numeric  representation  of  the  location  of 
a  word  in  memory. 

American  Standards  8  bit  character  coding 
scheme  used  for  punched  paper  tape. 

Meaning  two,  as  in  the  binary  number  system. 

Punched  paper  tape  code  consisting  of  eight 
binary  bits,  to  be  interpreted  as  a  single 
binary  number  between  0g  and  377g.  This 
code  can  be  used  to  represent  a  16-bit 
memory  word  as  2  binary  frames. 

A  single  binary  digit,  either  0  or  1 . 

Contiguous  area  in  memory  either  containing 
data  or  reserved  for  incoming  data. 

The  act  of  temporarily  transferring  control 
to  another  program.  The  group  of  operations 
necessary  to  do  this  is  termed  a  "call,”  also. 

The  portion  of  a  computer  that  performs  the 
logical  and  arithmetic  operations  necessary 
to  correctly  execute  each  computer  instruction. 

Error  detection  technique  using  the  arithmetic 
or  logical  sums  of  a  group  of  codes.  If  the 
checksum  computed  for  such  a  group  during  the 
load  phase  is  found  to  differ  from  that 
computed  during  the  dump  phase,  it  is  said  to 
have  a  checksum  error. 

Process  of  checking  and  correcting  program 
execution . 

A  special  program  designed  to  control  the 
operation  of  a  single  peripheral  device. 

Location  at  which  the  execution  of  a  program 
begins . 
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Execution 


First  Word  Address 


Hardware 
In-Line  Testing 


Interface 


Interrupt 


Memory 


Module 


Octal 

Online 


The  process  of  performing  the  functions 
necessary  to  complete  a  desired  operation 
within  the  computer.  Both  single  instructions 
and  entire  programs  are  said  to  be  "executed.” 

The  address  of  the  first  location  of  some 
logical  arrangement  of  memory  locations-- 
either  a  program,  or  an  information  table. 

Any  piece  of  equipment. 

Testing  performed  at  points  along  the  assembly 
line  without  requiring  the  removal  of  the 
object  under  test  from  the  line. 

Either  a  hardware  or  software  "go-between" 
connecting  two  or  more  separate  modules. 

A  signal  within  the  computer  signifying  that 
the  present  operation  should  be  temporarily 
interrupted  as  soon  as  possible  to  allow 
recognition  of  some  other  important  occur¬ 
rence.  Interrupts  produced  within  the  computer 
are  termed  internal  Interrupts,  while  those 
produced  apart  from  the  computer  are  termed 
external  interrupts.  Usually,  when  more 
than  one  interrupt  can  occur  within  a  single 
computer,  each  Interrupt  is  assigned  a 
priority,  signifying  which  of  a  group  of 
simultaneous  interrupts  should  be  processed 
first.  This  type  interrupt  structure  is  termed 
a  priority  Interrupt  structure. 

A  collection  of  binary-state  components 
arranged  in  a  logical  fashion  and  capable 
of  storing  binary  numbers  of  fixed  length. 

The  memory  is  organized  into  words,  each 
word  containing  a  fixed  number  of  binary  bits. 

An  independent  piece  of  hardware  or  software 
that  becomes  an  Integral  part  of  a  system 
when  logically  connected  with  other  modules. 

Number  system  with  a  base  of  8. 

Applies  to  all  operator  actions  performed 
under  computer  control. 
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Overflow  Indicator 


Parity 


Peripherals 

Pointer 

Priority 

Program 

Queue 

Real  Time 


Register 

Routine 

Scanner 


A  binary  indicator  that  signifies  whethf 
or  not  the  result  of  an  arithmetic  operation 
was  beyond  the  range  of  numbers  capable  of 
being  represented  in  a  single  register. 

A  single-bit  error-detection  technique. 

Usually,  a  coded  word  is  designed  so  that 
the  number  of  binary  bits  set  to  l's  is 
always  either  odd  or  even.  When  this  is  the 
case,  any  code  found  to  deviate  from  this 
rulj  is  said  to  have  incorrect  parity. 

Those  pieces  of  equipment  that  can  operate 
under  computer  control  but  are  not  physically 
a  part  of  the  computer. 

A  special  location  in  the  computer  memory 
containing  the  address  of  some  other  location. 
The  former  is  said  to  point  to  the  latter. 

A  quantitative  assignment  of  a  position 
within  a  hierarchical  structure. 

A  set  of  computer  instructions  designed  to 
perform  a  specific  task. 

A  linear  list  for  which  all  insertions  are  made 
at  one  end  of  the  list;  all  deletions  (and 
usually  all  accesses)  are  made  at  the  other  end. 

A  time  measurement  with  respect  to  the 
physical  world.  In  general,  the  term  is 
used  to  signify  that  certain  actions 
taking  place  within  the  computer  must  meet 
time  constraints  imposed  on  them  by  other 
actions  taking  place  apart  from  the  computer. 

A  set  of  binary-state  components  capable  of 
storing  a  binary  number  of  fixed  length. 

Regi  sters  are  employed  to  perform  most 
logical  and  arithmetic  operations  within 
the  computer’s  CPU. 

Program. 

Hardware  device  for  alternately  interrogating 
the  status  of  a  group  of  other  hardware  devices 


45 


Software 


Programs  used  to  dictate  certain  computer 
functions  . 


Time  Sharing 


Word 


The  simultaneous  employment  of  a  single 
central  processing  unit  by  many  independent 
users.  The  CPU's  time  is  shared  among  all 
the  users  desiring  control  at  any  instant. 

A  collection  of  binary  bits  residing  at  a 
particular  address  within  the  computer's 
memory.  In  the  case  of  the  Varian  620/i, 
a  word  contains  16  binary  bits. 
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APPENDIX  B 


GLOSSARY  OF 

Active  List  (AL) 

Busy  Address 

Control  Word 

Data  Block 

Data  Parameter  Block 

Information  Block 

Information  Block 
Entry  Table 

Master  Clock 

Scanner 

STAK 

System  Program 


SOSOFT  TERMINOLOGY 


Pointer-linked  list  of  user  programs 
desiring  control  of  the  central 
processing  unit. 

Special  return  address  from  a  sub¬ 
routine  that  is  used  if  the  software 
or  hardware  to  be  employed  is  busy. 

Specially  formatted  16-bit  data  word 
containing  control  information  for 
the  test  station  interface. 

Set  of  information  in  each  test 
program  containing  testing  parameters 
and  statistical  data  for  each  test 
performed . 

Set  of  information  used  by  the  input/ 
output  control  system  to  process 
I/O  requests. 

Set  of  data  containing  information 
for  user  programs  for  use  by  SOSOFT. 

Contains  first  word  addresses  of 
each  user  program  in  order  of  program 
number. 

Double  precision  software  clock 
recording  number  of  clock  interrupts 
received . 

Hardware  device  that  interrogates 
basic  test  stations  as  to  their  fuze- 
ready  status. 

Portion  of  information  block  containing 
current  hardware  status  for  user 
program. 

A  noninterrupt ible  executive  routine 
performing  a  single  function.  These 
programs  do  not  contain  an  information 
block  and  are  not  handled  according 
to  a  priority  structure. 


12.  User  Program 


Independent  program  prepared  for 
use  within  the  SOSOFT  priority 
structure.  These  programs  contain 
an  Information  Block;  and  each  is 
assigned  a  unique  Program  Number. 

13.  Waiting  List  (WL)  -  Pointer  linked  list  of  user  programs 

desiring  control  of  the  central 
processing  unit  after  a  specified 
time  delay. 
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APPENDIX  C 


ABBREVIATIONS 


1. 

ADC 

- 

Analog-to-Digital  Converter 

2. 

AL 

- 

Active  List 

3. 

BATS 

- 

Basic  Testing  System 

4. 

$BFT 

- 

Busy  Flag  Table 

5. 

CCS 

- 

Conversational  Control  System 

6. 

CPU 

- 

Central  Processing  Unit 

7. 

DADS 

- 

Data  Display  System 

8. 

DB 

- 

Data  Block 

9. 

DPB 

- 

Driver  Parameter  Block 

10. 

2WL 

- 

End  of  Waiting  List 

11. 

EXUS 

- 

Executive  Utility  System 

12. 

FWA 

- 

First  Word  Address 

13. 

HAL 

- 

Head  of  Active  List 

14. 

HWL 

- 

Head  of  Waiting  List 

15. 

IB 

- 

Information  Block 

16. 

IBET 

- 

Information  Block  Entry  Table 

17. 

I/O 

- 

Input/Output 

18. 

IOCS 

- 

Input/Output  Control  System 

19. 

ISSY 

- 

Interrupt  Servicing  System 

(0 

O 

• 

LPR 

- 

Line  Printer 

21. 

LU 

- 

Logical  Unit 

22. 

$LUT 

- 

Logical  Unit  Table 
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23. 

MACK 

- 

Master  Clock 

24. 

OF 

- 

Overflow  Indicator 

25. 

PIM 

- 

Priority  Interrupt  Module 

26. 

PTP 

- 

Paper  Tape  Punch 

27. 

PTH 

- 

Paper  Tape  Reader 

28. 

QA 

- 

Quality  Assurance 

29. 

RELS 

- 

Reliability  System 

30. 

RET  I 

- 

Real  Time  Priority  Scheduling  System 

31. 

SOSOFT 

- 

Software  System  Oriented  to  Fuze  Testing 

32. 

TTY 

- 

Teletype 

33. 

WL 

- 

Waiting  List 
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APPENDIX  D 


SOSOFT  PROGRAM  NAMES 


1 . 

$aal 

- 

Adds  Programs  to  Active  List 

2. 

$ADC 

- 

Analog-to-Digital  Converter  Input  Program 

3. 

$ALWL 

- 

Transfers  Programs  from  Active  List  to 
Waiting  List 

4. 

$BCD 

- 

Einary-to-ASC  II  Converter 

5. 

$BIN 

- 

Binary  Input  Driver 

6. 

i’BOT 

- 

Binary  Output  Driver 

7. 

$BUF 

- 

Buffered  Storage  Register  Output  Program 

8. 

$CAT 

- 

Catastrophic  Failure  Routine 

9. 

$CIP 

- 

Clock  Interrupt  Processor 

10. 

$5CWD 

- 

Control  Word  Output  Program 

11. 

$DIC 

- 

Digital  Input  Program 

12. 

$  DIN 

- 

Input  from  Interface  Program 

13. 

(JEXIT 

- 

Program  Termination  Processor 

14. 

$IOC 

- 

Input/Output  Controller 

15. 

$  IOT 

- 

Input/Output  Termination  Processor 

16. 

$LPO 

- 

Line  Prinler  Output  Driver 

17. 

$PFL 

- 

Power  Fail/Restart  Interrupt  Processor 

18. 

$PXI 

- 

P  .per  Ti  pe  Input  Driver 

19. 

$PTO 

- 

Paper  Tape  Output  Driver 

20. 

$IIEL 

- 

Reed  Relay  Output  Program 

21  . 

$RES 

- 

Hardware  Status  Restore  Program 
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22. 

$SAV 

23. 

£sen 

24. 

$SGN 

25. 

$SIP 

26. 

$SP0 

27. 

$TDP 

28. 

$TIME 

29. 

$TTI 

30. 

$>TTO 

31. 

$VCD 

Hardware  Status  Save  Program 
Sense  Line  Input  Program 
Signed,  Decimal  ASC  II  Convertor 
Scanned  Interrupt  Processor 
Summary  Printout  Program 
Test  Data  Processor 
Current  Time  Computation  Program 
Teletype  Input  Driver 
Teletype  Output  Driver 
Voltage-Reading-to-ASC  II  Converter 
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